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Non-technical Summary
Cross-border capital flows have grown exponentially since the late 1970s. Having reached a peak of 4752 cross-listed companies worldwide in 1997, this figure has declined to 2787 at the end of 2006. A multitude of competing and complementing hypotheses tries to explain this tremendous growth and rapid decline. The scientific debate is far from having reached a definite conclusion, especially with regards to the effects of listing abroad on the domestic market environment as well as on non-cross-listing peers. More concretely, the question is whether the cross-listing behavior of enterprises from emerging markets affects and contributes to their transmission from opaqueness to transparency.
This study provides empirical evidence verifying the theory of price discovery for Eastern European enterprises based on their cross-listing on Western European exchanges. None of the companies in focus have more than 17 years of business experience, which provides knowledge about young economies. Moreover, they provide historical and political insights that were not available while the Iron Curtain still existed.
The empirical analysis has two dimensions: The evolution of the domestic stock price generates information about the change in the informational environment while the interdependence between different price quotes analyzes informational flows. First, the evolutionary perspective reveals that the stock price information increases by listing abroad since it stimulates competition between different trading locations. Competing market makers or trading systems have to decrease transaction costs in order to attract trading volume, and consequently generate more precise or accurate stock pricing. Second, despite the fact that most of the information is generated and redistributed from the domestic stock exchange, foreign markets contribute to information discovery by generating significant information flows as well.
Moreover, these results provide information on the design of corporate governance. It is interesting to note that the architecture of the market system generates effects on information efficiency. The bid-ask spread is reduced by cross-listings in Frankfurt; informational and liquidity frictions are reduced by listings in London. While Fernandes and Ferreira (2006) show that New York cross-listings have an asymmetric impact in stock price information for enterprises from different countries, my results reveal that different stock exchanges generate different impacts as well and reveal the relative importance of sound disclosure standards and superior information.
Introduction
Cross-border capital flows have grown exponentially since the late 1970s. In spite of the fact that more than 30 years have passed since Tinic and West (1974) determined lower bid-ask spreads for cross-listed Canadian enterprises, the scientific debate is far from having reached a definite conclusion. Quite the contrary; since then a multitude of competing and complementing hypotheses have emerged. The motivation for this study reaches back to Adler and Dumas (1983) . The authors emphasize the analysis of market segmentation as "a key challenge for researchers in international finance." As for Eastern European enterprises, this gap has not yet been conclusively filled.
In the light of a transaction cost perspective or more generally, an informational perspective, cross-listed securities from Eastern Europe are of particular interest for a number of reasons. The analysis of enterprises from former socialist countries provides historical and political insights that were not available while the Iron Curtain still existed. None of the companies in focus have more than 17 years of business experience, which relates to the literature about venture capital. Admittedly, only a minority of Eastern European enterprises engage in high tech industries, but the majority are still very young, inexperienced and exhibit rapid economic growth. Most of the economic activity in these countries is opaque as a result of weak and seldom enforced disclosure standards. This leads to some central questions concerning my article: If and to what extent can a cross-listing contribute to corporate governance? What is the relative importance of external control for price information when foreign analysts, investors, and disclosure standards are involved? I will address these questions from two different angels. First, I will follow the evolutionary perspective (univariate implementation), and second, I will analyze interdependence (dynamic or multivariate implementation).
The first part begins with a replication of Alexander et al. (1988) and analyzes information efficiency relative to the foreign listing. An adequate introduction will be provided by tracking cumulative average residuals, like they did. Unfortunately, the shortcoming of this method lies in its bias to stock market covariation. One should keep in mind that in stock markets with higher covariation ex ante, less additional information is discovered through a cross-listing reflected in lower price effects ex post.
As already mentioned, the implementation of the stylized microstructure model by Domowitz et al. (1998) complements the event-study by analyzing competition for order flow after the cross-listing. The decomposition of variance gives deep insight into the information environment and its evolution, as soon as an enterprise starts to trade at a foreign exchange.
The second main component is devoted to the characteristics of information transmission from one market to the next. Univariate variance decompositions can neither reply questions for dynamic interdependence nor describe information channels between markets. A first step to overcome this disadvantage is made by Jung and Trost (2002) , who perform Granger Causality and bivariate cointegration tests on a smaller sample of Eastern European cross-listings in Frankfurt. The aim of this methodology is to simultaneously characterize impacts to all trading prices for one stock. I will use their work as a starting point and extend the dataset to enterprises from all Eastern Europe with cross-listings in Frankfurt as well as in London.
These stocks, traded at three stock exchanges simultaneously, will improve our understanding of objectives for cross-listings in general and stock exchange characteristics in particular. The empirical analysis here is done based on GARCH volatility spillovers to quantify the interdependence appropriately.
All results are convincing and homonymous: Informational efficiency increases by listing abroad. This effect is robust to all empirical procedures, to the number, and to the sequence of foreign listings. In detail, the change in informational efficiency is positive and decreasing in the number of foreign listings. It is interesting to note that the architecture of the market system generates effects on information efficiency. The bid-ask spread is reduced by cross-listings in Frankfurt; liquidity and informational frictions are reduced by listings in London. Admittedly, home markets dominate interdependence among prices, but there is feed-back from foreign information as well. Finally, there is general consensus among all empirical methodologies about the learning effect. Managers who are seeking better price information should apply for a supplementary listing abroad. Now the question arises: What value is added to the ongoing scientific debate about cross-listings? My results provide empirical evidence on the change in the information environment after listing abroad. Price information increases for enterprises from Eastern Europe that trade at Frankfurt and/or London stock exchange.
While Fernandes and Ferreira (2006) show that New York cross-listings have an asymmetric impact in stock price information for enterprises from different countries of origin, my results reveal that different stock exchanges generate different impacts as well. Fernandes and Ferreira (2006) stipulate that the gain in price information by listing in New York is dependent on the level of market development in the country of origin. Companies from countries with high levels of market development profit greatly while those from countries with lower levels of market development do not gain as much. Given the increased analyst coverage by listing in the U.S., 1 collecting superior information on the home market becomes more expensive, and insiders are crowded out. For enterprises from less developed countries, the loss in private information collection is not compensated by the rise in marketwide information, leading to a decrease of idiosyncratic return variation for crosslistings in the U.S. From an efficiency perspective, European markets are often perceived as being inferior to American markets. This explains why European stock exchanges attract cross-listings from less developed countries, while high tech enterprises from industrialized countries leave for New York. Obviously, this explains the results of my analysis, which finds increased information efficiency by listing in Frankfurt, and surprisingly in London as well. Despite the fact that the U.K. and U.S. have comparable legal traditions, London cross-listings do not generate the same amount of marketwide information that reduces the incentive to collect inside information like a New York cross-listing would do. Moreover, both results motivate debate on stock exchange policy. On one hand, they underscore the potential of sound disclosure standards and their enforcement as a way to mitigate insider trade. On the other hand, cross-listings reveal the relative importance of insider and analyst groups in the pricing of securities. In this sense, regulatory bodies may gain by analyzing this event in more detail. As an aspect of the general question of why companies list abroad, my paper follows a straight empirical approach and addresses informational effects on a sample of Eastern European enterprises.
As the two examples from the beginning illustrate, market segmentation was one of the first ideas to have been analyzed by means of cross-listed stock price data. On the empirical side, most of the studies calculate Cumulative Average Residuals (CARs) around the listing date, and determine a pre-listing run-up and a post-listing decline.
2 These empirical findings have motivated contributions from the theoretical side as well. Seminal papers have been written by Stapleton and Subrahmanyam (1977) , Errunza and Losq (1985) , Eun and Janakiramanan (1986) , and Alexander et al. (1987) , and explain share price reactions to cross-listing decisions. Merton (1987) and Stapleton and Subrahmanyam (1977) show that more than market segmentation and investment barriers are needed to explain the cross-listing phenomenon. Listing abroad reduces the cost of capital since it alleviates the premium, which has to be paid to local investors for their inability to diversify risk globally. Another motivation for listing abroad is a higher expected liquidity and price efficiency. The seminal models of Kyle (1985) and Admati and Pfleiderer (1988) are introduced to the cross-listing world by Chowdhry and Nanda (1991) , and are developed further by Foucault and Gehrig (2007) . All these models assume asymmetric information between informed and liquidity traders. For informed traders it is easier to exploit informational advantages in more liquid markets. Foucault and Gehrig (2007) relate this aspect to the corporate governance literature and model how the enterprise management can learn about their investment decisions from the stock exchange. As Chen et al. (2007) show, more efficient information generates more efficient investment decisions.
3
A different strand of the literature has evolved on this agency conflict. Clearly, investors profit from decreasing spreads, higher liquidity and information efficiency as well, but it is up to management to decide about the listing location. The seminal Stulz (1999) critique and contributions by Coffee (1999), and Coffee (2002) were the founding fathers of the "bonding" hypothesis and built another bridge to the corporate governance literature. As a starting point, each model uses management's ability to extract private benefits from the firm.
4
In compliance with Foucault and Gehrig (2007) , the central motivation for listing abroad is a specific growth opportunity that can only be pursued by raising capital. Listing abroad is one mechanism to "bond" managers in order to prevent them from expropriating investors since it imposes higher from Miller (1999) and Foerster and Karolyi (1999) .
3 These results are supported by Doidge et al. (2004) , Rajan and Zingales (2004), Lou (2005) , Bakke and Whited (2006) , among others. 4 Merton (1987) followed a different idea and analyzed management's market timing for cross-listings. disclosure standards, improved regulations and a better legal environment, and consequently attracts investors. After having raised capital by complying with higher listing standards, management is able to pursue the enterprise's growth opportunity and has a higher potential for private benefits. Doidge et al. (2004) offer empirical support for the bonding hypothesis and show that the cross-listing premium is higher for firms from countries with poorer investor protection and is positively correlated with future growth opportunities. However, the bonding hypothesis is still disputed. 5 One reason, for example, is that the SEC pursues a "hands-off" policy for enterprises located outside the U.S. (Siegel (2005) ). All things considered, legal enforcement varies significantly differently between domestic and foreign firms around the world and highlights the notion that effective legal bonding is rather difficult to achieve. This weakness of the legal bonding hypothesis has produced a variety of further articles in which the effects of a cross-listing on the market for corporate control are shown. Evidently, the cross-listing decision is motivated by an increased access to capital in the foreign market. However, the pool of additional capital can only be achieved for enterprises that are able to bear the substantial costs which arise when listing abroad as a consequence of different disclosure standards and legal requirements. Those that remain with a local listing face a higher cost of capital since investors interpret the listing decision as an indication of quality.
6
These arguments point to the notion that we still need better insight into information discovery since it affects price discovery and corporate governance considerably. Fuerst (1998) and Moel (1999) show that security prices increase with the level of information disclosure. Moreover Chemmanur and Fulghieri (2006) question the position Huddard et al. (1999) took of a "race for the top" among listing standards by determining a separating equilibrium of different exchanges with different listing standards. Assuming that enterprises behave rationally, only those with a net benefit from cross-listing will apply for a listing abroad. 5 See for example King and Segal (2003) , Pinegar and Ravichandran (2003 ), Pinegar and Ravichandran (2004 ), or Burns (2004 .
6 For theoretical support see Akbel (2007) , and for empirical support see Frost and Pownall (1994) , Melvin and Valero-Tonone (2004), and Lee (2004) . 
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One part of this study is exclusively devoted to this competition aspect. Domowitz et al. (1998) analyze competition for order flow after the crosslisting and disaggregate price information to several sources. "Heightened intermarket competition may narrow domestic market spreads, but order flow migration may result in lower domestic market liquidity and may increase price volatility." Thus, price variation is decomposed into base-level volatility arising from imperfect competition and transitory volatility arising from trading frictions and information asymmetry. Thereupon, the authors test their microstructure model on a sample of Latin-American enterprises which cross-list in the U.S. However, as it is straightforward to generalize their empirical test to more than two markets, I will consequently do so in the remainder of this paper.
Other interesting articles and hypotheses could and should be presented to complete an adequate literature overview. However, Karolyi (1998) and Karolyi (2006) show that it is hard to do full justice to the academic literature on cross-listings. In his subsequent article he acknowledges that it was already challenging to summarize more than 70 contributions for his earlier survey. But, as the intention of this article does not lie in performing a complete survey, I will have to limit the literature discussion to this extent in order to focus on a straight empirical approach. This paper proceeds as follows: Section 2 gives a brief overview of the dataset. All empirical analysis is performed in the following sections 3 and 4. First, an evolutionary perspective uses univariate approaches to analyze consequences of cross-listings for stock prices on home markets. Second, multivariate approaches are used to characterize interdependence for multiple price quotes after the cross-listing. Section 5 summarizes and concludes the paper.
Data
In order to analyze information discovery from Eastern European crosslistings, high frequency prices for a range of enterprises that are registered in a former socialist country and trade at multiple European stock exchanges are needed. The data for this exercise comes from Thomson Financial Datastream, which provides daily closing prices. Table 1 reports a detailed overview on Eastern European stock exchanges and their trade. In general, Frankfurt and London close later, which may gen-6 erate a favorable picture of information discovery in those foreign markets.
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Lacking reliable tick data from Eastern European stock exchanges, which are necessary to control for this disadvantage, we will see that this bias is of minor importance. Most home markets remain dominant even after a long period of foreign trade.
As a starting point for my analysis, I chose a period that begins with the fall of the Iron Curtain on 01/01/1991 and ends 12/31/2006. Since data availability for Eastern European stock prices is moderate, sample selection is processed in a pragmatic way. I proceed by identifying stock quoted enterprises from these countries as a potential target group and then selecting those that are listed at home and either in Frankfurt, London or both foreign markets.
These trading places are especially well suited to provide evidence on information discovery by listing abroad. Both are among the world's leading stock exchanges, and attract many Eastern European enterprises, some of which even go public abroad. Furthermore, this setup allows for comparisons at the enterprise level and provides microstructure evidence about different trading systems as well: Frankfurt is organized as an auction system and in London order clearing is processed via market makers.
However, some enterprises require exclusion. Here, illiquidity is the main obstacle. Another disadvantage is irregular trading and delisting for a significant number of companies. Due to this fact, the dataset involves 34 enterprises from six countries: Croatia (1), Czech Republic (7), Estonia (3), Hungary (16), Poland (6), and Russia (1). Table 2 presents listing activity for the full sample. In particular, I report trading places with the listing type and initial listing times for each enterprise. All but one stock are traded in Frankfurt, either by depository receipt or directly. 13 companies trade in London as well, and Bank BPH is exclusively cross-listed there.
If a cross-listing occurred earlier than one year after the IPO, the precise number of trading days before will be calculated in the remark column. On the one hand, fast orientation to foreign stock markets underscores the relevance of gaining insight on its reasons. On the other hand, this short period reduces potential for comparisons between ex ante and ex post. However, to get statistical insight into the evolution of price information a sufficient number of observations is essential.
Moreover, table 2 reveals secondary singularities of the sample: First, it reports an overrepresentation of Hungarian stocks. I cannot only relate this finding to a superior general economic environment. The Budapest Stock Exchange is connected to the Xetra system, which is designed as an electronic clearing platform for floor trade at Frankfurt stock exchange. Thus, Hungarian enterprises face only marginal additional fees for direct listing in Frankfurt, and do not involve a depository intermediary.
Second, the Czech Komercni Banka is dually listed in Frankfurt. GDRs are introduced on 07/02/1996 and followed by a complementary direct listing on 12/29/1998. As I will discuss later in this article, this adds an additional perspective to our view on cross-listings and again underlines their role.
Third, even though the most liquid stocks are selected, three Hungarian GDRs lose liquidity at the London Stock Exchange over time.
Before turning to methodological details, let me note that all collected price series are transformed to log differences. Let r i,t = log(p i,t ) − log(p i,t−1 ) denote the return on a security i in period t, where p t is the stock price. 
Univariate Approaches
The empirical implementation is separated into two complementary sections. First, stock price tracking on the home market provides an evolutionary perspective on listing activity. I apply two univariate time series implementations in order to characterize the impact of cross-listings. The second perspective is that of multiple price quotes on the same underlying. In the absence of arbitrage opportunities, relative prices are bounded by transaction costs. Interdependence among prices is of interest to this study as well, and analyzed on the basis of multivariate time series implementations, in the following section 4.
Cumulative Average Residuals (CARs)
On the background of a market segmentation perspective, Alexander et al. (1988) stipulate that "as long as capital markets are not completely integrated, it is reasonable to expect that stock prices would react to international listings." An international cross-listing reduces market frictions by alleviating barriers to international investors, and causes a rise of the equilibrium price. This transaction cost effect is adequately exhibited in the seminal contribution of Stapleton and Subrahmanyam (1977 In detail, I will proceed as follows: Equation (1) defines the returngenerating process on stock i in period t. Projection of idiosyncratic returns r i,t on their long-run means µ i yields the abnormal or unexpected returns ε i,t .
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(1)r i,t = µ i +ε i,t Each return series is conditioned on the cross-listing(s) and residuals are averaged cross-sectionally relative to those dates.
Aggregation over different intervals from a to b yields the cumulative average residuals (CARs).
The long-run mean in equation (1) is used as a proxy for market expectations. There are good reasons to apply more sophisticated implementations; market or factor models for example. However, my study uses CARs on a replication argument and as an introduction for the more advanced microstructure analysis. Therefore I will limit this test to the basic version.
However, this method faces a deficiency in the analysis of Eastern European companies. 16 enterprises perform their cross-listing within the first year after going public at home. This reduces potential for fair comparisons of CARs before and after the cross-listing. As a cut-off for this procedure I chose a minimum of 30 trading days before listing abroad. This decision is justified since it guarantees a sufficient number of observations for regression analysis.
Evidently, such a fast orientation on foreign listings not only raises consequences for empirical implementation but is informative about Eastern European enterprises as well. Even when assuming informationally efficient markets, it is well understood that the return-generating process will need a specific period of time after the IPO to converge to equilibrium. For a number of stocks in the sample, I cannot separate this convergence effect from learning by cross-listing. However, in the case of a cross-listing contributing to information efficiency, it may even advance convergence. This learning perspective brings us back again to the academic discussion between the proponents of the learning and price discovery theory, and those who favor the capital constraints theory.
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Since I only analyze stocks with a minimum of 30 trading days before the cross-listing the sample is reduced to 25 enterprises. First insight to the regression results is given by Mean Squared Errors (MSE) in figure 1. Five outliers are excluded since their MSEs are beyond 0.0025. For the figure however, all numbers are multiplied by 100 to present daily percentages and better interpretability.
From left to right the three sections depict idiosyncratic MSEs before, after the first and the second cross-listing (if applicable). Increased information efficiency by cross-listing should cause more accurate stock pricing, and reduce abnormal returns over time. In other words, each function in the figure should be falling in the cross-listing. However, this is not the case here.
For the first cross-listing, MSEs decrease only for 11 out of 25 stocks. Those 10 securities with two foreign listings show five decreases relative to the non-cross-listed period and six decreases relative to the time after the first cross-listing.
It is straightforward to discover idiosyncratic dynamics in the figure, but the general statement remains ambiguous. Consequently, I will present aggregate calculations corresponding to those of Alexander et al. (1988) , in order to provide comparable statistics.
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Figure 2 exhibits CARs over 400 days before and 600 days after the first cross-listing, and on this aggregate level, it is easy to replicate the typical prelisting run-up and the post-listing decline in prices that is found in Eun and Janakiramanan (1986) , Alexander et al. (1988) , Foerster and Karolyi (1993) , Foerster and Karolyi (1999 ), Miller (1999 ), and Lee (2004 . In detail, two years (400 trading days) before the cross-listing, CARs begin a slight decrease for one year. From that time on, we are able to recognize the announcement effect since most ARs are positive, and consequently their sum increases to become positive in the time surrounding the event. Once the stock is listed abroad, price quotes decrease.
Two corporate governance mechanisms lie behind these observations and shape the informational environment: Lang et al. (2003), Lang et al. (2004) , and Bailey et al. (2005) analyze the role of cross-listings on analyst coverage and find differential increases in the number of analysts per enterprise for U.S. and U.K. cross-listings. One explanation for the decrease in abnormal returns after the cross-listing may be a higher level of marketwide information that is generated by a larger number of analysts, who are attracted by the trade in Frankfurt or London.
However, as Kyle (1985) and Admati and Pfleiderer (1988) show, deals are informative on the set of information of market participants and insiders can only exploit superior information to the extent that it is not revealed by trade. Thus, they have to hide their trade behind the orders of noise traders, whose information set is orthogonal, and this is the reason why insiders prefer liquid markets with a larger number of noise traders. Obviously, at least one of both mechanisms works, and if there is any innovation in the market, unexpected returns will go to the downside. Idiosyncratic return variation, which is often used as a proxy for price information efficiency, should increase, and as the figure clearly reveals, ARs turn negative in the subsequent period.
Moreover, this pattern is still robust for second cross-listings. Again, cumulative average residuals decrease over time. In figure 3 the curve that represents the CARs for 600 observations after the second cross-listing seems smoother than after the first, which in effect is due to a different time scale. Three years after the first cross-listing CARs amount -0.7699, while they amount -0.5321 for the second one. Since the returns are log scaled, both figures are comparable and it is straightforward to see that the effect from the second cross-listing is only one-third lower.
Nevertheless, covariation is a critical point for the application of CARs and for the analysis of price discovery, in general. Let us now assume a twostocks-two-country model, in which each stock comes from one country and is perfectly correlated with its market index, and in which both markets are also perfectly correlated. As long as we maintain the correlation assumption on the market side, it follows from a simple portfolio argument that it is not possible to diversify risk or to learn from listing in the foreign market. This is the main doubt in Alexander et al. (1988) and causes the authors to repeat their test methodology on subsamples of Canadian and Non-Canadian enterprises. They find that Canadian enterprises show the lowest impact from the U.S. cross-listing, and explain this result by comparatively high covariation between Canadian and U.S. equity markets.
Based on this example it is straightforward to sketch Roll's 13 argument which characterizes informational efficiency at the general level. As long as we maintain perfect correlation between the stock and the market index, each variation of the stock is a perfect replication of the variation in the market index, and there is nothing to learn from a specific stock price series on the company itself. Only if the relative change in the stock price deviates from the relative change in the market index will it be generated by firm specific information. Roll uses this "non-synchronicity" as a measure for price information. Clearly, open points remain on the question of price discovery and interdependence. Before I come to the analysis of simultaneous trade on different locations that generates an interdependent pricing system and requires treatment on a dynamic level, I will apply a specific type of variance decomposition, which is the extension of the stylized microstructure model by Domowitz et al. (1998). 3.2 A cross-listing model with competition for order flow Domowitz et al. (1998) propose a microstructure model that implements competition for order flow into the pricing framework. Their main pricing equation is as follows:
w, the covariance between the fundamental value of an asset and idiosyncratic income, is increasing in the spread s and decreasing in market liquidity λ −1 . In this context, λ itself is often interpreted as the precision parameter and relates the model to the asset pricing universe. This covariance is shifted by the volatility parameter σ 2 , which depends on total trading activity in the sense of Glosten and Milgrom (1985) . Desired orders x k for each trader k are normalized to unity; +1 (long position), -1 (short position), and 0 (hold), respectively. Partial market clearing for N investors is calculated by aggregation of x k over all k. Consequently, the variance of successive changes in closing prices is understood as:
γ (base-level volatility) is defined as γ = w+σ 2 . It represents the volatility that arises from changes in the bid-ask spread and instantaneous public information. The second term in equation (5), transitory volatility, represents information asymmetry, or more generally microstructure frictions that are inversely related to market liquidity. This implementation follows the idea that as long as markets are not perfectly integrated, a cross-listing raises competition for order flow. In a situation where information costs are comparable between two markets, an individual investor will direct his order to the market that offers him the lowest spread. This generates competitive pressure on market makers, who try to compensate losses from decreasing spreads by increasing volume.
Nevertheless, cross-listings may still increase base-level volatility γ in the partial market fragmentation setup. According to Domowitz et al. (1998) , the spread reducing effect on w might be overcompensated by σ 2 through weak "intermarket information links or foreign noise traders with low quality information signals". However, when maintaining the Kyle assumption of noise traders whose trade is orthogonal to the information set of the insiders, it is sufficient to assume that the introduction of a stock to the foreign market 13 attracts noise traders, who trade with stronger impact (higher σ 2 ). In other words, cross-listings generate adverse effects on base-level volatility since there is a trade-off between competition and world market risk, and it is an empirical exercise to analyze the relative size of both effects. Domowitz et al. (1998) analyze the net effect for equation (5) on a sample of different stocks issued by 16 Mexican companies that are listing in the U.S. as ADR 14 and find that for most enterprises the effect of decreasing liquidity after the cross-listing is mitigated by a narrowing of the bid-ask spread. Before I can relate my results to their study, I have to modify their econometric test to allow for a second cross-listing, which is performed by ten enterprises in my sample.
Equation (6) augments base-level volatility γ t and transitory volatility λ t by an autoregressive term to filter for volatility clustering. In the following lines, all time-varying estimation parameters are decomposed to a basic constant and the cross-listing effect with the dummies for Frankfurt (x f r ) and London (x lo ). After cross-listing, the corresponding dummy is set from zero to one.
15 η t represents the error term and should be white noise for accurate estimation. In order to estimate equation (6), collection of additional data about trading volume is necessary. Since transaction volume from Eastern Europe is even more scarce than stock price quotes, I only take into consideration those 20 enterprises that exhibit less than 11% missing values in the volume series. Knowing that Eastern European stocks are less liquid than those used in Domowitz et al. (1998) , V t is quantified in ten millions of shares to determine comparable coefficients.
The system outlined above requires estimation by a heteroskedasticityrobust Generalized Method of Moment (GMM) estimator. All regressions are calculated beginning from the time when the first volume data is registered; its results are shown in tables 5 to 7. In the tables, results for each enterprise call for two rows, of which parameter estimates are printed in the first, followed by their statistical significance in the second. Parameters with index f r or lo represent interaction with the corresponding cross-listing dummy. Table 5 presents the effects after the first cross-listing and is directly comparable to the study by Domowitz et al. (1998) . Their microstructure model is also appropriate for the majority of my sample since from 20 regressions, the natural or non-interacted parameters (γ 0 , δ 0 , and λ 0 ) have significant coefficients in 12, 11, and 13 cases. In order to guarantee positive definiteness of volatility before the cross-listing, each significant γ 0 should take non-negative values, which is the case for my results. The γ 0 distribution is positively skewed with median 0.0005 and mean 0.0007. For the Mexican sample median and mean are definitively higher with 0.0070 and 0.0570. In this respect, Eastern European markets are more competitive (efficient) than those of Latin America since the bid-ask spread is substantially smaller. Natural market variation seems smoother in Europe. Domowitz et al. (1998) determine positive values for their cross-listing parameter (the median increase is 0.0240 and the mean increase is 0.2860) and conclude "a dramatic increase in base-level volatility following the ADR listing" for those securities that are open to foreign investors. This result is in line with the foreign market perspective of Fernandes and Ferreira (2006) , who show that price information decreases for enterprises from less developed countries when they list at New York stock exchange. Eastern European enterprises show a different effect; from five significant coefficients, four turn out negative, and base-level volatility increases only for Fotex after listing in Frankfurt. This atypical evolution might be caused by a very early introduction to Western European markets. Fernandes and Ferreira (2006) find that cross-listings generate more marketwide information by increased analyst coverage. Thus it is more difficult and costly to acquire superior information which causes a crowding-out of insider trades after listing in New York. My results on Eastern European enterprises neither support these results for Frankfurt cross-listings nor do they for London cross-listings. offer supportive empirical evidence for this finding by comparing analyst and media coverage at London versus New York stock exchanges after the listing. They use hits in the Wall Street Journal and in Financial Times as a proxy for media coverage and show that U.S. listings are associated with better media and analyst coverage as well. Even though the U.S. and the U.K. share the same legal tradition, the informational environment at the New York Stock Exchange is superior to that at the London Stock Exchange. This explains why price information on Eastern European enterprises increases after the cross-listing at the Western European exchanges, while it decreases for Mexican enterprises listing in the U.S.
Comparing significant parameters from Latin America with my estimates, I am able to determine a more symmetric distribution with median -0.0004 and mean taking the same value. Unlike Domowitz et al. (1998) , but in line with Foerster and Karolyi (1998) , cross-listings from Eastern European countries strengthen the competition among market markers. Bid-ask spreads are reduced for a number of stocks and so are their base-level volatilities. It is noteworthy that these results still guarantee positive definiteness of the volatility after the cross-listing, due to the fact that neither interaction term γ f r or γ lo turns volatility negative.
Based on trading volume (λ parameters) transitory volatility is analyzed. λ 0 is positive in 12 out of 13 significant cases, and eight significant λ f r and λ lo show mixed signs depending on the company. All told, listing abroad reduces volume dependence from 0.0193 to 0.0126. Median values for significant parameters are added under the exclusion of Softbank since its coefficients take absolute values of more than 2.5, which is far beyond the rest of the sample.
Even though market makers compete for order flow to attract additional volume, liquidity in the home market is not reduced to a critical extent. In other words, cross-listing reduces both base-level and transitory volatility.
Furthermore, listing abroad affects the structure of volatility clustering as well. With the exception of Lukoil, net autocorrelation (δ 0 + δ f r ) is reduced for all stocks (four cases) that have a significant non-cross-listed term δ 0 (11 cases). Given the decreasing dependence on historical price variation, stock price volatility approaches random walk, which is synonymous to increased market efficiency.
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These estimates on first cross-listings indicate strong evidence in favor of competition for order flow. However, alternative hypotheses are able to justify managerial considerations about second cross-listings.
After the first cross-listing, base-level and transitory volatility decrease. Consequently, the enterprise management may recognize this and hope for further smoothing in price variation and transaction cost. This hypothesis is closely related to Subrahmanyam and Titman (1999) , Foucault and Gehrig (2007) , and Chen et al. (2007) , who emphasize that managers learn (for investment decisions) from listing abroad. In particular, Chen et al. (2007) use idiosyncratic return variation (the (Roll (1988) ) criteria of price non-syncronicity) to analyze an active role of the price. Enterprises focusing on German and British product markets especially might support this explanation, but it generalizes all enterprises from Eastern Europe which try to benefit from additional objective expertise from markets that are more advanced in the sense of market development.
This brings the discussion back to capital constraints arguments. Authors such as Baker et al. (2003) or Kaplan and Zingales (1997) argue for a complementary explanation. In their view, enterprises from less developed countries in particular seek additional financing by listing abroad.
Both hypotheses may govern decisions about second and third crosslistings. Moreover, the results in table 6 and 7 even present us with a third possible alternative. Different legal and listing standards at Frankfurt and London exchanges generate different consequences for the informational environment for enterprises that choose among both, and it is not surprising that the coefficients reveal separate properties for both exchanges.
All significant interaction terms for a Frankfurt cross-listing reduce the base-level volatility. This finding is still robust for the second direct crosslisting in Frankfurt from Komercni Banka.
17 A Frankfurt cross-listing strengthens competition and reduces the bid-ask spread. However, the effects on transitory volatility are poor and ambiguous for a Frankfurt listing. Transitory volatility is increasing in the cross-listing for Telekomunikacja PL by 0.0360, and decreasing for Richter Gedeon by -0.1438. In contrast, results on the liquidity parameter λ lo in London are more consistent. It is also striking to note that all estimates reveal negative coefficients on significant parameters. I interpret this reduction as a consequence of at-17 Lukoil results do not converge to the rest of the sample. This time series exhibits probability for negative price volatility after the cross-listing. If γ 0 is interacted, γ lo with -0.0006 will require a minimum trading volume of 222000 to guarantee positive volatility. Liquidity, however, does not reach this number in 656 observations, which gives reason to exclude the time series from further analysis.
tracting foreign investors to Eastern European markets. Without a doubt, a cross-listing reduces liquidity constraints in the home market, therefore managers aiming at this effect should perform a cross-listing on LSE.
These new estimates indicate that both exchanges, Frankfurt and London, are shaped by a different informational environment: This may come from the different market architecture and different groups of market participants. Listings in Frankfurt with an auction based trading system generate competitive pressure, consequently drive spreads down, and market makers in London reduce informational frictions for cross-listed Eastern European enterprises.
Moreover, my results indicate increased information efficiency for crosslisted Eastern European enterprises. The spread effect is particularly negative for a number of enterprises and interestingly, the volume effect is negative as well. Despite the fact that the roles of foreign exchanges diverge, the results are robust to the second and third cross-listing. From a technical point of view, predictability to idiosyncratic return variation is reduced to the same degree as is volatility clustering. This can be interpreted as evidence of increased market efficiency.
Bivariate Approach
A second aim of this study is to get a better understanding of dynamic interdependence between trade prices. In order to analyze this system, contemporaneous price quotes of different exchanges and an empirical model without strict exogeneity restrictions are required. The class of GARCH models provides a useful formulation for that exercise.
Before turning to the technical side, some details on data require particular attention: Notably, while a number of Hungarian stocks trade very actively in Frankfurt, London price quotes lose liquidity in the later years of the sample. On this account, Borsodchem, Richter Gedeon, and Tiszai Vegyi are no longer considered.
To be sure, I took the possibility of structural breaks into consideration, and I came to the conclusion that after (each) cross-listing, the following two weeks (10 trading days) are excluded before (re)estimation.
It is straightforward to understand the idea of Engle (1982) and Bollerslev (1986) to model not only the return, but also the innovation on a mean-reverting process with autoregressive and moving-average terms as well, which leads to the variance equation:
Since then, many variants have been introduced and I apply this basic formulation in addition to two asymmetric models (EGARCH and TGARCH) in order to allow for leverage effects in the dataset. While the exponential model of Nelson (1991) only restricts the asymmetric parameter between -1 and 0, TGARCH 18 is bound by the parameter restrictions of the basic model. In other words a 0 , a i , b j and the coefficient of the asymmetric parameter should be positive in order to guarantee non-negative values for σ 2 t . Bollerslev (1986) proves that the GARCH process is only stationary if
For the mean equation I do not implement exogenous variables, but limit on autoregressive and moving-average coefficients as well as a component of the variance equation, which constitutes the GARCH-in-Mean (GARCH-M) approach. That is, either the conditional variance, its square root, or its log is implemented into the mean equation in the case of statistical significance.
In order to obtain parsimonious implementations I do not model more than two lags in the variance equation. My results acknowledge this convention, since repeated Lagrange multiplier tests do not reveal further ARCH effects.
To be sure, I investigate residuals' and squared residuals' autocorrelation and partial autocorrelation functions. Significant deviations in the squared residual sample would suggest misspecification, since they indicate additional ARCH effects in the time series.
I repeat this procedure for all symmetric and asymmetric ARCH implementations on a time series. Having eliminated unreasonable implementations, I choose the best performing model based on the Akaike Information Criterion (AIC).
All implementations generate a set of residuals that provides evidence of informational links in the dataset. For this reason, all collected residuals are squared and lagged by one period and introduced into the variance equation of a different price quote on the same underlying. This procedure describes the basic idea of the volatility spillover and was introduced by Engle et al. (1990) , Engle et al. (1994) , as well as Hamao et al. (1990) . It was applied in a wide range of studies, which mainly focused on stock 19 and money markets.
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A simple formulation of volatility transmission is presented in the following:
Equation (11) extends the basic GARCH setup from equation (10) by the spillover term. It represents a directional correlation in the variance equation, since the lagged, squared error term ξ 2 t−1 from one price quote is implemented to the variance equation of the next. If ξ 2 t−1 is significant, this will suggest informational interdependence among the trading locations. In this case, the spillover coefficient d quantifies the extent of information transmission.
As reported in tables 8 through 11, this procedure generates 46 estimates on stocks after their first cross-listing, 89 estimates after the second, and 26 after the third. For multiple cross-listings a distinction must be made between the full system, which contemporaneously implements all spillover parameters, and the reduced system, which only implements a subset. In particular, each table provides detailed information on enterprises, number of cross-listings at the time, direction of the spillover, and its effect. Evidently, a number of time series are dropped for the reason that they do not convey ARCH effects according to the Lagrange multiplier test. In order to offer a more aggregate perspective on each of those detailed results, table 12 presents average and median coefficients. 38 out of 46 return series for the first cross-listing, and 57 out of 89 for the second show correlation in the variance equation. GARCH volatility spillovers provide strong support for interdependence and the learning hypothesis, and determine results that are in accordance with the findings on univariate test methodologies: Indeed, cross-listing is informative.
In detail, my estimates reveal an average spillover coefficient of 0.1355 (median 0.0460) for the first cross-listing. This means lagged, squared residuals for a price quote affect a different price quote on the same underlying by around 13.55% on average. This effect is even stronger than that of some estimated AR(1) coefficients of the variance equation. One cannot deny the existence of a dependence among markets. Relative to these models used to construct the interaction term, average AR(1) coefficients in the variance equation decrease by 3.00% on estimation with spillover parameters. Interestingly enough, marginal learning by the second listing abroad generates virtually half of the effect of the first one. AR(1)s decrease again by 1.60% and the average spillover accounts for 0.0967 (median 0.0463) here.
In spite of the fact that the results for the third cross-listing are shown for completeness, I will not pursue this discussion. Since Komercni Banka is the only enterprise in the sample, for which I could collect a fourth price quote, column (4) provides an idiosyncratic perspective. Moreover, the third crosslisting is a direct listing on the same market, where the company already trades with GDRs. However, this imposes a limit on general conclusions to a certain extent.
I proceed by disaggregating average dynamics from the home market toward foreign markets and vice versa for the first and second cross-listing. The results suggest a dominant role of the home market even after the second cross-listing. Here, average spillovers from the home market reach 14.22%. They are more than six times as large as the spillover back from foreign markets (2.20%). This relation is even more pronounced on the median figures, which are nearly twelve times as large. To be sure, only reasonable, nonnegative and significant parameters are taken into consideration for these aggregates. Concerning the first cross-listing, a lack of significance or negative coefficients is only determined for spillovers from foreign markets (7 cases). After the second cross-listing, 51 out of 57 insignificant parameters come from Frankfurt and London. This again points to the notion that the majority of price discoveries concern the home market.
The second cross-listing allows for an analysis of information flows between foreign exchanges as well. On average, interdependence amounts to 0.0951, which is around two thirds of the spillover from the home market and considerably more than that back from the foreign markets. This aspect leads us back to the discussion on the level of the stock exchange. Results from the second cross-listing provide evidence on the relative importance of both foreign stock exchanges for the home markets. It is straightforward to compare spillovers between Frankfurt and London, as well as their specific impact on the home market. All in all, there is no distinct winner in this contest: While I am not able to determine an interdependence among these foreign exchanges for the Softbank price quotes, it can be understood that Frankfurt dominates in four enterprises and London dominates in five enterprises.
From an individual perspective, it is noteworthy that Fotex, Konzum, and Lukoil represent the only enterprises in which the spillover from abroad dominates the spillover from the home market. Yet this result is robust to the second cross-listing from Lukoil. The five strongest spillovers after the first cross-listing are on the enterprises Bank BPH, Komercni Banka, Synergon, Unipetrol, and Egis. Not surprisingly, all spillovers stem from home markets, but the fact that the Budapest stock exchange only appears twice in this list was unanticipated. As Hungarian enterprises represent nearly half of the sample, this finding attributes back to the conclusions made by Alexander et al. (1988) , who suppose that marginal information discovery is weaker in markets that already have closer informational links. Since the Xetra platform is used for German and Hungarian stocks, higher informational covariation is likely. Nevertheless, I cannot exclude a different explanation for this result: Lacking high frequency data, this study uses daily price quotes. Consequently, I cannot analyze volatility transmissions during the day. This disadvantage generates a certain probability that yesterday's residuals, which are used to estimate the spillover parameter, lag behind the real information transmission, which is already comprised in the stock price quote.
Conclusion
As the surveys of Karolyi (1998) and Karolyi (2006) document, cross-listings are very actively debated in the academic literature. The number of contributions is still growing, and has identified several competing and complementing hypotheses in order to explain why companies list abroad. My paper contributes to this explanation by analyzing aspects of market segmentation, information discovery and corporate governance on a sample of Eastern European enterprises listed on a home stock exchange as well as in Frankfurt, London or both foreign exchanges. These enterprises are well-suited for this exercise due to the fact that they actively list on Western European stock exchanges. Large information differentials between Eastern and Western Europe help to isolate cross-listing effects on information discovery.
The first empirical part covers an evolutionary perspective and tracks the influence of foreign listings on the price at home. The second empirical part analyzes interdependence in the pricing system. In general, two major conclusions evolve: Listing on foreign stock exchanges is informative. However, home exchanges remain dominant.
The analysis of cumulative average residuals (CARs), which introduces the study, is of particular importance and suggests increased price efficiency by listing abroad. A second, more detailed analysis provides clear evidence on the relative size of two competing effects: On the one hand, competition for order flow reduces transaction costs that market makers can charge for their activity. On the other hand, if a substantial part of liquidity is withdrawn from the home market, frictions may arise. Interestingly, both effects turn out negative with special roles for the foreign stock exchanges and are robust to the number and sequence of foreign listings. It can be stated that listing in Frankfurt reduces the spread, and generates competitive pressure on market makers, while listings in London bring liquidity to the home market, instead of withdrawing it.
From an interdependence perspective, I determine strong informational links between stock price quotes. Admittedly, home markets are dominant, but information flows back from foreign exchanges as well. After the second cross-listing, spillovers from foreign markets are 2.20% on average. This is almost one sixth of the effect coefficient from home markets, for which I determined 14.22% on average. Even if one is not convinced by these results as evidence for increased information efficiency, the relevance of the decrease of auto-correlation in the variance equation cannot be disputed. AR(1) coefficients drop by 1.60% upon implementation of the second spillover, and point to a shift of historical information to the information that is generated at the other trading location.
What exactly can we learn from this empirical exercise? Due to the absence of alternative considerations such as financial constraints, it is advisable for Eastern European managers in search of more efficient stock pricing to apply for a listing abroad. Cross-listings in Frankfurt reduce base-level volatility (bid-ask spread), cross-listings in London reduce transitory volatility (informational and liquidity frictions). Moreover, there is still incentive to apply for multiple cross-listings, since marginal learning is decreasing but remains positive in the number of listings.
Do these results indicate a better corporate governance? Cross-listings in Frankfurt and London do not generate the same amount of market-wide information that reduces the incentive to collect inside information such as in New York. This study points to the need for further improvement on the informational environment. It is still possible to hide informed trade behind liquidity trade on both European exchanges, in spite of the fact that the U.K. has the same legal tradition as the U.S., but also in Frankfurt which is perceived as being less efficient than London. Fernandes and Ferreira (2006) , however, suggest that enterprises from less developed countries do not face the same disclosure standards when they list on the same foreign stock exchange as an enterprise from a developed country. They relate their thesis to the fact that approval of information or legal enforcement is difficult across the border.
Lacking additional reliable data, this study also points to the need for further research on the role of cross-listings for Russian enterprises. Even though several active exchanges operate in Russia, this study suffers from a lack of liquid price quotes for listings at home and abroad. If one overcame this dearth of data, the dominance of London as a foreign market over the home market Moscow could be tested. In particular, the role of political change on the amount of information discovery could be analyzed given the fact that the Russian government has been very actively engaged in exchange quoted companies in previous years. Moreover, a final note addresses general data frequency. It is very likely that further studies may try to collect intraday data from Eastern European enterprises in order to get a deeper understanding of informational dynamics. This would allow to relate their results to Hasbrouck (1995) This table presents all collected stock price time series from Eastern European enterprises that are cross-listed in Frankfurt, London or in both of the foreign markets. All enterprises are displayed with initial listing dates for corresponding stock markets. Since some stocks are traded indirectly (as depository receipts), the specific security type is indicated in case of necessity. For this table only stocks with liquid trading activity (daily price quotation) are considered. If stocks from an enterprise are introduced to a foreign market within one year after the IPO at home, the corresponding trading days before this event are calculated in the remark column. Log differences (DL) from all time series are summarized in alphabetical order. Descripitve statistics for each enterprise are shown for home markets first (acronyms CZ=Czech Republic, TA=Tallinn (Estonia) HU=Hungary, PL=Poland, RS=Russia, ZA=Zagreb (Croatia)), and for Frankfurt and London in the following lines. The columns present mean, maximum, minimum, standard deviation, skewness, kurtosis, Jarque-Bera normality test including its significance, and the number of observations, over which these figures are calculated. The table presents Generalized Method of Moment estimates with heteroskedasticityconsistent standard errors. The variables ∆P t and V t are price change and volume (in ten millions of shares). All parameters with an index different from 0 present interaction with the respective cross-listing dummy. Cross-listing dummies are set from 0 to 1 after the cross-listing. The table only contains enterprises from our data set, from which we are able to obtain volume data with less than 11% of missing values. Each enterprise regression is printed in one double-row. In the first row parameter estimates are shown and followed by their statistical significance in the second. The table presents Generalized Method of Moment estimates with heteroskedasticity-consistent standard errors. The variables ∆P t and V t are price change and volume (in ten millions of shares). All parameters with an index different from 0 present interaction with the respective cross-listing dummy. Cross-listing dummies are set from 0 to 1 after the cross-listing. The table only contains enterprises from our data set, from which we are able to obtain volume data with less than 11% of missing values. Each enterprise regression is printed in one double-row. In the first row parameter estimates are shown and followed by their statistical significance in the second. The table presents Generalized Method of Moment estimates with heteroskedasticity-consistent standard errors. The variables ∆P t and V t are price change and volume (in ten millions of shares). All parameters with an index different from 0 present interaction with the respective cross-listing dummy. Cross-listing dummies are set from 0 to 1 after the cross-listing. The table only contains enterprises from our data set, from which we are able to obtain volume data with less than 11% of missing values. Each enterprise regression is printed in one double-row. In the first row parameter estimates are shown and followed by their statistical significance in the second. This table reports detailed estimates on GARCH volatility spillovers. Column 1 provides enterprise information. Column 2 gives the number of foreign listings on the period of estimate. Columns 3 and 4 present the direction of the spillover coefficient, which is presented in columns 5 and 6. In the last column, the AR(1)-parameter from the variance equation is calculated relative to its value without a cross-listing term. This table reports detailed estimates on GARCH volatility spillovers. Column 1 provides enterprise information. Column 2 gives the number of foreign listings on the period of estimate. Columns 3 and 4 present the direction of the spillover coefficients, which is presented in columns 5 through 8. In the last column, the AR(1)-parameter from the variance equation is calculated relative to its value without a cross-listing term. This table reports detailed estimates on GARCH volatility spillovers. Column 1 provides enterprise information. Column 2 gives the number of foreign listings on the period of estimate. Columns 3 and 4 present the direction of the spillover coefficients, which is presented in columns 5 through 8. In the last column, the AR(1)-parameter from the variance equation is calculated relative to its value without a cross-listing term. This table reports detailed estimates on GARCH volatility spillovers. Column 1 provides enterprise information. Column 2 gives the number of foreign listings on the period of estimate. Columns 3 and 4 present the direction of the spillover coefficients, which is presented in columns 5 through 10. In the last column, the AR(1)-parameter from the variance equation is calculated relative to its value without a cross-listing term. This table reports descriptive statistics on spillover estimates. Columns 2-4 provide aggregate information from the following tables 8, 9, 10, and 11. Average and median spillover coefficients are calculated on the total sample, spillovers from the home market, spillovers from foreign markets, and spillovers between foreign markets, respectively. The last double-row distinguishes the share of insignificant or negative estimates between the full system, which implements all spillover parameters contemporaneously, and reduced system, which only implements a subset. *=no significant spillovers
Figure 1: Estimates of Cross-Listing Mean Squared Errors
The figure is a graphical representation of mean squared errors from those 25 enterprises that have at least 30 trading days before listing abroad. It is separated into three sections. Mean squared errors before, and after the first and the second cross-listing (if applicable) are shown from the left to the right. In order to correct for outliers, 5 enterprises with more than 0.0025 of average daily return are excluded. All numbers are multiplied by 100 to represent daily percentages and guarantee better interpretability. The figures show cumulated abnormal returns (CAR) over time. For each enterprise that has at least 30 trading days before listing abroad, returns are regressed on their long run mean in the time dimension. Residuals taken therefrom are averaged for trading days relative to the cross-listing and cumulated over time. We calculate their sum (CAR) from 400 trading days before until 600 trading days after the first and the second cross-listing (if applicable), and plot it over time in the figures. Figure ( 2) shows the evolution of the CAR relative to the first cross-listing, figure (3) relative to the second.
